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Abstract 
Filamentary polymer sensors with predetermined breaking points have been developed. These sensors are 
produced by radial micro patterning of conductive polymer filaments by ultrasonic hot embossing. Micro 
structures in the filaments are generated by this fabrication process in less than a second. The dimensions 
of radial micro grooves in a filament tune the strain at which the filament breaks. This way, overload 
sensors for ropes or fuses can be realized. For example the discard status or the residual life time of ropes 
can be controlled with a simple measurement of the electric resistance of sensor filaments. By using 
different sensors in one rope it is possible to indicate different load cases of the rope. 
© 2012 Published by Elsevier Ltd. 
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1. Introduction 
Ropes (e.g. winch-ropes, elevator-ropes, or lifting-slings) are traditionally made of steel. However, in 
recent years more and more ropes are produced from synthetic fibers. These high strength fibers have 
many advantages over steel. Synthetic lifting-slings for example achieve the same break load with only 
one-tenth of the weight and around 80 % of the diameter of a steel wire rope. The handling of a synthetic 
rope is more comfortable and secure than of a steel wire rope. The disadvantages are the higher price and 
a missing monitoring system witch indicates when a rope has been overloaded and needs replacement. 
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Until now the only available reliability check is a visual inspection of the ropes although internal damages 
can hardly be found that way. This is an issue because damaged ropes can be a safety hazard. Filamentary 
polymer sensors with predetermined breaking points can be employed detecting that a rope has been 
overloaded, a transported good has been exposed to more than a certain acceleration, or interrupting an 
electrical circuit when a certain current is exceeded. The resistance of a conductive polymer yarn braided 
into a rope is changing nearly proportional to rope strain. However, former tests have shown that also 
temperature and humidity influence the resistance significantly [1]. Therefore, micro patterned 
filamentary sensors with predetermined breaking points have been developed. Theses sensors are 
constructed to break at certain elongations, e.g. at 20 % of the yield strain of the rope. The basic material 
is a polyamide monofilament with a diameter of 400 µm. It is coated with silver and an isolation layer. 
The approximately 500 - 700 nm thick silver layer has an electrical resistance of 700 - 1000 Ω/m. The 
isolation layer, 50 µm in thickness, protects the sensor from environmental influences. The break of a 
sensor filament is detected by a simple measurement of its electrical resistance. A broken sensor indicates 
that a certain load level has been crossed. To detect different levels filaments with predetermined 
breaking points of different dimensions and at different positions of the sensors in the rope are braided 
into the rope. The embossing depth is the factor most influencing the elongation at break. Larger depths 
lead to lower elongations at break (Fig. 1). This way, the sensor yarns are adjusted for different 
applications. The standard deviations are approximately 10 % of the respective elongation at break. The 
mean values and standard deviations were calculated from the measurements of ten samples of each em-
bossing depth. 
2. Fabrication 
The predetermined breaking points have been fabricated by ultrasonic hot embossing [2]. A prism 
formed pattern is embossed into the filament (Fig. 2) with a commercially available ultrasonic welding 
machine from Herrmann Ultraschalltechnik (cf. Fig. 3). The filament is fed through a groove, 500 µm in 
width and 800 µm in depth, in a tool milled from aluminum (Fig. 4). In this groove there is a 500 µm high 
prism as shown in Fig. 5. On the downside of the sonotrode there was milled a protruding bar, 400 µm in 
width and 700 µm in height, which fits into the groove. The sonotrode is moved down into the grove and 
presses the filament onto the prism. Ultrasonic vibrations at 35 kHz are applied heating up the filament 
where it is in contact to the prism in the grove. The filament is molten and adapts to the form of the prism.  
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Fig. 1: Elongation at break as a function of the depth of the 
predetermined breaking point.
Fig. 2: A prism formed predetermined breaking point embossed 
in a filament.
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Ultrasonic hot embossing is finished within less than 0.1 s. On the right side a spool with the untreated 
filament is located (cf. Fig. 3). On the left side the filament with the embossed micro structures is 
spooled. After ultrasonic hot embossing the sonotrode lifts up, the filament is free, and is transported 
forward a certain length. This way, different distances between the breaking points can be adjusted. The 
cycle time for a period of 500 mm of the breaking points is 5 seconds. 7 km of filament have been micro 
patterned this way in 20 hours. 
3. Cross-sensitivity 
The storage conditions of the sensor affect the elongation at break. After 1 h at 60 °C and 50 % relative 
humidity of air the elongation at break is increased by approximately 20 % compared to indoor climate. 
One hour at -20 °C and 10 % relative humidity decrease the elongation at break by less than 10 % 
(Fig. 6). It has to be considered that the standard deviations of the values in that measurement series vary 
from 0.6 % to 0.8 %. This means that the values of the elongation at break of the different storage 
conditions overlap and the observed change may be not significant in the limit of the achievable accuracy. 
Fig. 4: Filament guiding system and ultrasonic hot embossing 
system with sonotrode and tool.
Fig. 3: Ultrasonic welding machine “HiQ Dialog” from 
Herrmann Ultraschalltechnik with automatic feed.
Fig. 5: Photograph of the 800 µm deep groove in the tool with 
500µm high protruding prism.
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Fig. 6: Influence of temperature, humidity and storage time on 
the elongation at break of a 150 µm deep predetermined break-
ing point.
Fig. 7: Two polymer fuses (a blown and an intact one) with 
polymer housings in comparison to a standard micro fuse with a 
glass housing.
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4. Fuses 
Another possible application for filamentary sensors is a polymer fuse. Fig. 7 shows two polymer fuses 
in comparison to a standard micro fuse. The conductive filament is ultrasonically welded into a polymer 
housing fabricated by ultrasonic hot embossing. By using different filaments different fuses can be 
produced. Three different sensors were tested. Sensor A is a yarn consisting of 68 approximately 30 µm 
thick polyamide filaments, which are all coated with silver. Sensor B is the same yarn with a 150 µm 
thick isolation layer. Sensor C is a silver coated polyamide monofilament with a diameter of 400 µm. The 
developed fuses are micro fuses with an operating current below 1 A. The fuse current of each sample 
was determined by increasing the current in steps of 50 mA and keeping it constant for one minute. 
Sensor A blows at a current of 450 mA, Sensor B at 500 mA and Sensor C at 280 mA (Fig. 8). The 
standard deviations of the current at which the fuse blows are for sensors A and B approximately 6 % of 
the respective current. The standard deviation for sensor C is nearly 12 %. Ten samples of each sensor 
were tested. The fusing times of the three sensors were determined by applying an approximately two 
times higher current than the fusing current and measuring the time. All three tested sensors are so called 
slow-blow fuses. Sensor A blows after 200 ms, Sensor B after 250 ms and Sensor C after 340 ms (Fig. 9). 
The standard deviation of sensor A is 18 % of the respective time and approximately 30 % for sensor B 
and C. Slow-blow fuses are designed to allow a current which is above the rated value of the fuse to flow 
for a short period of time without the fuse blowing. These types of fuses are used in equipments that may 
have an over current for a few hundred milliseconds while switching on. 
5. Conclusions 
Electrically conductive polymer filaments have been micro patterned generating sensor yarns which 
can be braided into ropes or woven into cloth. The depths of the micro structures in the yarn predetermine 
its breaking point, and, therefore, it can be employed as a sensor detecting that an overload occurred 
reducing the strength of the rope or the cloth. Fabricating of radial micro patterns into a single filament is 
easy and affordable by ultrasonic hot embossing. Micro patterning is achieved in less than a second. 
Electrically conductive polymer filaments can also be employed for applications such as fuses and impact 
sensors. The fabrication of such devices is expected being comparatively cheap. Further investigations are 
necessary to find out the potential of this new type of sensors. 
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Fig. 8: Fusing current of three different filamentary fuses. Fig. 9: Fusing time of three different filamentary fuses.
